Introduction
============

Glioma is the most common primary malignant brain tumor [@B1], with poor prognosis to the tumor patient when present at high grades. One and two-year survival rates of high grade glioma patients are only 53.7% and 14.6% [@B2], respectively. Neurosurgery still remains the first-line of treatment [@B1] as gross tumor resection (GTR) has been reported to be one of the most important factors affecting the prognosis and survival rate of glioma patients [@B3], [@B4]. However, increasing GTR remains a serious challenge to neurosurgeons as it is difficult to distinguish the tumor boundary from normal brain parenchyma due to the infiltrating nature of gliomas [@B5], [@B6]. Accumulating data suggest that intraoperative application of high dose fluorescein sodium guided resection could significantly increase the GTR rate [@B5], [@B7] while other reports questioned the usefulness of this technique [@B8], [@B9]. In the present study, we reevaluate the utility of fluorescein sodium-guided surgery in gliomas.

Clinical Materials and Methods
==============================

Patient population
------------------

The study approval was granted by the Ethics Committee of The First Hospital of Jilin University. Every patient was informed about the benefits and risks of the study, all the patients had signed the written informed consent. To generate a homogeneous group, factors with potential influence on the results were all considered; including percentages of high-grade gliomas in each cohort, tumor location, tumor size, KPS score, and blood-brain barrier (BBB) disruption. Although a slight but non-significant trend towards factors leading to distribution bias were apparent in the present study, each cohort, of patients was homogeneous. Exclusion criteria included diabetes, severe heart disease, and special locations such as bilateral location, corpus callosum invasion, midline, basal ganglia, posterior fossa and brain stem, preoperative KPS scores less than 60, and maximum diameter of tumor \< 1 cm or \>5 cm. A total of 22 patients with gliomas conformed to the conditions of this prospective study from June 2010 to June 2011. Among the twenty-two patients, ten were treated by fluorescence-guided neurosurgical resection with fluorescein sodium (study group) and twelve were treated without the use of fluorescence during neurosurgical resection (control group). In the study group, there were six female patients and four male patients, whose ages ranged from 31 to 67 years. The mean age of patients in the study group was 50.7 ± 10.4 (median 50 years). Duration of disease ranged between 10 to 180 days (mean 60 days). Preoperative KPS score was 78 ± 9.2, (median = 80). Nine patients were contrast-enhanced in preoperative MRI, and intraoperatively stained by gross labeling with fluorescein sodium. The control group consisted of 12 patients, including five female and seven male patients, whose ages ranged between 41 and 64 years. The mean age was 51.8 ± 6.8 (median 50.5 years). Duration of disease ranged between 20 to 180 days (mean= 62 days). Preoperative KPS was 79.2 ± 10.8 (median 80). KPS scores were re-evaluated one week postoperatively. In all patients, the extent of resection was identified by MRI less than one week after surgery. Gross-total resection is defined as resection without visual residual enhancing tumor [@B5]. To evaluate the effect of GTR on progression free survival, patients were divided into two groups according to the extent of resection postoperatively.

Surgical Procedure and Policy
-----------------------------

Craniotomy was performed after general anesthesia. After the dura at the craniotomy site was opened, fluorescein sodium (diluted into 1 %, 5 ml; Alcon, USA, 5ml: 500mg, import drug ID was H20090507) was injected intravenously. Vital signs were monitored for 15 minutes. Following confirmation that no skin rash was present, 10 ml of high dose fluorescein sodium (diluted into 10%, 15-20mg/kg) was injected intravenously without abnormalities. The staining of tumor began to develop from light yellow to deep yellow after 5 to 10 minutes, which was visible to the naked eye. The visible yellow stained region of the tumor was resected entirely using a standard microsurgical procedure with white-light illumination. Following surgery, resected tissue with three-color degrees was submitted to histology for further examination.

Statistical Analysis
--------------------

The Fisher\'s Exact Test was used to evaluate the significance in the difference between GTR rates in patients of the study group who underwent fluorescein sodium and those who did not. Student\'s T-Test was used to evaluate the significance of age and KPS score pre- and post-operation in difference between the study group and control group as well as the difference towards progressive free survival time between GTR and non-GTR group. The Fisher\'s Exact Test was performed with SPSS 13.0 software. And Student\'s T-Test was performed with EXCEL software. Significance was assigned at a probability value of less than 0.05.

Results
=======

Fluorescein Sodium Staining
---------------------------

Three color degrees of staining were observed that were deep yellow, light yellow and negatively stained. Normal brain parenchyma remained unstained. Tumor stained with yellow was easily identified from the normal brain parenchyma (Fig. [1](#F1){ref-type="fig"}A-C). Most of the patients (n=9) within the study group (n=10) had tumors that were positively stained with fluorescein sodium. The case that did not have a positively stained tumor was subsequently identified to have a grade II glioma. Meanwhile, we reviewed pre-operative enhanced MRI and found that the edges of the tumor were not clearly enhanced.

Extent of Surgery
-----------------

Fluorescence-guidance of fluorescein sodium can increase the GTR rate. Ten patients received fluorescein sodium. Of the ten patients, GTR was completed in eight patients (GTR rate 80%) and STR was completed in two patients (20%). In the control group, there were only four patients who had received GTR (GTR rate 33.3%) and eight patients who had received STR (66.7%). There was a significant difference in GTR rate between two groups (Fisher\'s Exact Test *p=0.047*).

Post-operation
--------------

Postoperatively, patients accepted general treatment such as reducing intracranial pressure, preventing infection and controlling epilepsy. Yellow staining of sclera, skin and urine disappeared in approximately 24 hours. There were no abnormal changes observed during routine blood or urine examination or with the liver and kidney function test. The extent of tumor resection was identified by enhanced MRI one week postoperatively. All the patients were treated with γ-knife radiotherapy with or without postoperative temozolomide chemotherapy.

Histological examination
------------------------

In the study group, four astrocytomas (WHO grade II), three anaplastic astrocytomas (WHO grade III) and three GBM (WHO grade IV) were identified. The characteristics of tumor tissue from the three yellow stained regions were different. In the deeply stained yellow region (Fig. [2](#F2){ref-type="fig"}A, Fig. [2](#F2){ref-type="fig"}D), tumor cells were densely packed, significantly atypical, multinuclear, and mitotic with necrosis visible in the tumor cells and necrotic degeneration of the surrounding tumor tissue accompanied with vascular endothelial cell proliferation. The sample from faintly yellow stained area (Fig. [2](#F2){ref-type="fig"}B, Fig. [2](#F2){ref-type="fig"}E), had a low density of scattered tumor cells and scattered vascular endothelial proliferation. From the negatively stained area (Fig. [2](#F2){ref-type="fig"}C, Fig. [2](#F2){ref-type="fig"}F), there were rare or no tumor cells, no endothelial cell proliferation or visible necrosis. In the control group, there were five astrocytomas (WHO grade II), three astrocytomas (WHO grade III) and four GBM (WHO grade IV).

Postsurgical complications
--------------------------

Three cases in the study group and four patients in the control group experienced transient verbal and motor dysfunction, and gradually recovered after symptomatic treatment. One patient in the control group had permanent hemiplegia. Follow-up in twenty patients ranged from six to ten months after the operation. In the study group, eight patients confirmed they were free of symptoms with no evidence of recurrence. Two patients from the study group recurred, but are still alive. In the control group, five patients had recurrence including two patients that died after their glioma recurred. The mean progressive free survival time was more than 7.2 months in the study group and more than 5.4 months in control group. In addition, it was more than 7.4 months in GTR group and 4.8 months in non-GTR group. There was a significant difference in the progressive free survival time between the study group and control group (Student t-test *p*=0.033) as well as between GTR group and non-GTR group (Student t-test *p*=0.0001). Post-operative KPS score was 75.5 ± 8.3 (median 77.5) and 75.8 ± 10.2 (median 80) in the study group and control group, respectively. There was no significant decrease between the postoperative KPS score and preoperative KPS score (Student t-test *p*\>0.05). The results are summarized in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

Discussion
==========

The boundary between gliomas and brain parenchyma is difficult to discern due to their characteristic invasiveness, making it more difficult to resect these tumors completely. There is a growing amount of evidence indicating that the extent of tumor resection is a major factor dictating the postoperative survival of patients [@B2]-[@B4], [@B7], [@B10]. Over the past six decades, a variety of innovative techniques have been developed by neurosurgeons to increase the efficacy of resecting primary malignant brain tumors such as intraoperative ultrasound, neuronavigation, intraoperative MRI, cortical stimulations and fluorescence-guided resection [@B11], [@B12]. Among these methods, fluorescence-guided resection has shown great promise because it allows intraoperative visualization of tumor boundaries, which are otherwise difficult to recognize [@B1], [@B5], [@B6], [@B13]-[@B17].

Though the significant increase in the extent of resection using high dose of fluorescein sodium, the efficiency of using fluorescein sodium is still controversial, as some studies have described little color contrast between the tumor and surrounding brain tissue [@B8], [@B9]. We observed that lightly stained areas in eight patients from the study group included part of adjacent edematous areas, which were outside of enhanced tumor areas in preoperative MRI. Similarly, the vague staining in the boundary areas of some cases was also seen in studies using 5-aminolevulinic acid (5-ALA), another fluorescent agent used in glioma resection. Using 5-aminolevulinic, Ricardo et al [@B18] found that these vague areas corresponded with areas where tumor cells infiltrate brain tissue potentially beyond the gadolinium-enhancing border of the tumor, which was not visible in postoperative MRI [@B19]. We hypothesized that this mechanism may also apply when using fluorescein sodium. Obviously, resection of these areas may be beneficial for reducing recurrence and malignant progression. Many other studies have indicated that utilizing high doses of fluorescein sodium was a useful intraoperative fluorescence-guide agent even without any specific visualization equipment [@B5], [@B7], [@B20].

Shinoda et al [@B7] reported that GTR was significantly increased by using fluorescein sodium to visualize brain tumors. In this study, high doses of fluorescein sodium (20 mg/kg) were applied intravenously into thirty-two patients resulting in an achieved GTR in twenty-seven patients (84.4%), a significantly greater difference in GTR compared with controls. Koc et al [@B5], performed significantly higher rates of GTR by using fluorescein-sodium-guidance. In their study, forty-seven patients were recruited into the study group, and GTR was achieved in thirty-nine patients (83%) compared with eighteen patients (54.5%) in the control group. They also investigated the factors affecting survival, including GTR, KPS and age, which were significantly associated with prognosis. In both of these studies, the utility of high-dose fluorescein sodium in surgical resection of low-grade glioma was not evaluated. Combined approaches based on fluorescence agents and other visualization techniques seem to be more effective [@B14], [@B21].

In the present study, because we used a high dose of fluorescein sodium (15-20mg/Kg) there was no need for the use of a special surgical microscopic. The fluorescein sodium stained portions of the tumor were seen directly by the naked eye. The utility of fluorescein sodium in the operation of glioma was reevaluated and led to an improved GTR rate. Although the number of patients in our study was relatively small the GTR rate of the study group corresponded to previous data published in the literature [@B7]. Notably, the three GTR cases of low-grade glioma were clearly stained, which corresponded with preoperative enhanced MRI. Although one low-grade glioma without clear staining was not enhanced in preoperative MRI, we were able to resect the vaguely stained areas in non-eloquent region of the three low-grade glioma cases present in the study group. Resection of the low-grade gliomas in the study group resulted in a progressive free survival time of more than six months, indicating that fluorescein sodium may be useful in the treatment of low-grade glioma. Also, resection of the vaguely stained areas could be associated with reduced recurrence and malignant progression. In the control group, we identified five STR cases that were confirmed by using postoperative MRI. Originally, these tumors were mistakenly identified as GTR intraoperatively. Because the tumors in the study group were completely resected, we hypothesized that fluorescein sodium may help neurosurgeons to complete GTR of glioma, which would instead be STR without fluorescein sodium guidance. Since this study was not designed to evaluate survival, we were unable to accurately calculate a median survival time, especially since there are patients remaining alive in each group. However, there was a significant trend towards progressive free survival time between the study group and control group (Student\'s T-Test *p*=0.033) as well as between the GTR group and non-GTR group (Student\'s T-Test *p*=0.0001) based on results obtained during postoperative follow up. Homogenization of other factors that may influence survival resulted in us being able to conclude that the benefit was due to the increased GTR rate. Histological examination of the tumor in the study group indicated that the yellow stained location was consistent with most of the glioma tissue. Exclusive staining of glioma tumor tissue with fluorescein sodium instead of normal brain tissue may be associated with the blood brain barrier disruption induced by the invasiveness of glioma [@B7], facilitating easy fluorescein sodium penetration into the tumor lesion. In both high-grade and low-grade stained areas, the degree of fluorescein sodium staining was positively correlated with tumor cell density. In positively stained areas, there were greater numbers of tumor cells (Fig. [2](#F2){ref-type="fig"}A-B, Fig. [2](#F2){ref-type="fig"}D-E) compared to the non-stained areas of the brain where almost none tumor cells were observed (Fig. [2](#F2){ref-type="fig"}C, Fig. [2](#F2){ref-type="fig"}F). These staining patterns indicated that resecting all of the positively yellow stained areas could result in achieving GTR. Of the ten patients in the study group, only one did not have significant fluorescein sodium staining of the tumor due to a disrupted BBB detected in the preoperative MRI.

Fluorescein sodium is a fluorescence agent commonly used in clinical examinations such as ophthalmoscopic examinations and visualization of the retina [@B7]. Use of fluorescein sodium is very safe although an anaphylactic reaction was previously reported in one case report [@B22]. In our study, before injection of high dose fluorescein sodium, we performed allergy testing and monitored the vital signs in the event of an adverse reaction. Because radiotherapy and chemotherapy was confirmed to be significant prognostic factors for survival [@B23], [@B24], in our study, all patients were advised to receiveγ-knife radiotherapy with or without chemotherapy of temozolomide postoperatively.

Conclusion
==========

High dose of fluorescein sodium was indeed a useful agent for the resection of glioma. It is a simple, convenient, effective and inexpensive technique compared with other techniques. Although GTR was achieved in most glioma patients, some residual tumor cells remained, necessitating the need for postoperative adjuvant therapy. Because fluorescein sodium stained significantly in cases of BBB disruption, we suggest that the fluorescein sodium is best used in the cases with BBB disruption.
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![A-B: Tumor tissue was stained by fluorescein sodium presenting deep to light yellow color. C: Normal parenchyma was not stained.](ijmsv09p0708g01){#F1}

![Histology of glioma tissue in study group (HE, original magnification×200). A-C: High grade glioma. D-F: Low grade glioma. A and D: Deep yellow stained region: dense tumor cells, which were significantly atypical, multinuclear, mitosis, with prominent endothelial proliferation; B and E: Light stained region: less dense tumor cells with scattered endothelial proliferation; C and F: Negative stained region: very rare tumor cells without endothelial proliferation.](ijmsv09p0708g02){#F2}

###### 

Summary of the characteristics of two groups

  Group                                     Study         Control
  ----------------------------------------- ------------- -------------
  **number of patients**                    10            12
  **sex**                                                 
  fm                                        4             5
  m                                         6             7
  **age(yrs)** \#                                         
  range                                     31 to 61      41 to 64
  mean                                      50.7 ± 10.4   51.8 ± 6.8
  median                                    50            50.5
  **Location**                                            
  non-eloquent area                         7             9
  eloquent area                             3             3
  **symptom/sign**                                        
  intermittent headache                     7             8
  hemiparesis and/or aphasia                4             6
  seizure                                   2             3
  **KPS score**\#\#                                       
  preoperative                              78.0 (9.2)    79.2 (10.8)
  postoperative                             75.5 (8.3)    75.8 (10.2)
  **extent of tumor resection**                           
  GTR\*                                     8             4
  STR                                       2             8
  **Follow up 6-10 months**                               
  Recurrence                                2             7
  Progressive free survival (months) \*\*   7.2           5.4

\# No significant difference between two groups, Student t-test (p\>0.05)

\#\# No significant difference between preoperative and postoperative KPS score in the two groups, Student t-test (p\>0.05).

\* Significant difference between two groups, Fisher\'s Exact Test (p=0.047)

\*\* Significant difference between two groups, Student t-test (p=0.033)

###### 

Progressive free survival between GTR and non-GTR group

  Groups                                  GTR   Non-GTR   
  --------------------------------------- ----- --------- --
  Number of patients                      12    10        
  \* Progressive free survival (months)   7.4   4.8       

\* Significant difference between two groups, Student t-test (p=0.0001)
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